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Purpose: As pet ownership increases, sensitization to animal allergens due to domestic exposure is a concern. Sensitization to animal allergens 
may occur from indirect exposure, as well as direct ownership of animals. However, there have been conflicting results regarding the association 
between pet ownership and sensitization to animal allergens in adults. Methods: In total, 401 patients with various allergic diseases were enrolled 
in this study. We performed skin prick tests with 55 common inhalant and food allergens, including dog, cat, and rabbit allergens. A mean wheal di- 
ameter of 3 mm or greater was considered a positive reaction. The exposure modality to each animal allergen was investigated using a questionnaire 
and included present ownership, past ownership, occupational exposure, occasional exposure, contact with pet owner, and no contact. Present own- 
ership, past ownership, occupational, and occasional exposure were regarded as direct exposure. Results: The sensitization rate for animal aller- 
gens was 20.4% for dog, 15.0% for cat, and 9.0% for rabbit. Direct exposure to dogs (72.0%) was significantly higher than that of other animals 
(18.4% for cats and 16.7% for rabbits), whereas 'no contact' with cats (78.3%) and rabbits (83.3%) was significantly higher than with dogs (26.8%; 
P<0.0001 ). Independent risk factors for sensitization to animal allergens were sensitization to Dermatophagoides pteronyssinus(0R=2A, P=0.052), 
Dermatophagoides farinae (0R=5.1, P< 0.001), cat (OR =4.4, P< 0.0001), and direct exposure to dogs (OR = 1.5, P= 0.029) for dog, and sensitization 
to dog (0R=4.4, P<0.0001 ) and rabbit (OR =2.6, P=0.036) for cats. Finally, for rabbits, the independent risk factor was sensitization to Alternaria 
(OR =6.0, P<0.002). Conclusions: These results suggest that direct exposure to dogs contributes to the sensitization to dog allergens in patients 
with allergic diseases, whereas indirect exposure to cats and rabbits may induce sensitization to each animal's allergen. 
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INTRODUCTION 

Sensitization to animal allergens is one of the most important 
risk factors for developing allergic diseases such as asthma, rhi- 
nitis, and atopic dermatitis, particularly in occupationally ex- 
posed workers. 1 As furry pet ownership in indoor environments 
increases, sensitization to animal allergens from domestic ex- 
posure is a concern. Few studies have evaluated the association 
between pet ownership and sensitization to animal allergens in 
adults. Furthermore, the studies that have been conducted have 
differed according to the type of animals, exposure timing and 
duration, and study design. 2 In general, the relationship between 
cat ownership and sensitization to cats is still controversial, but 
dog ownership has been shown to be preventive for sensitization 
to dogs. 2 

There is some evidence that indirect exposure, not direct own- 
ership, can result in the development of sensitization to animal 
allergens and allergic diseases in the general population. Noert- 



jojo et al. recently reported that the sensitization to cat allergens 
was a more important risk factor for the development of asthma 
and asthma-like symptoms than was cat ownership in adults, 
suggesting that sensitization to cats may develop regardless of 
cat ownership. 3 It has also been reported that the risk of sensiti- 
zation to pet allergens and asthma development increases among 
non-pet owners in areas with a high proportion of pet owners. 4 
According to a survey by the Seoul Development Institute in 
2004, 17.2% of households in Seoul had pets, and the prevalence 
of dog ownership (16.6%) was remarkably higher than that of 
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cat ownership (0.8%). 5 However, the sensitization rate to cats 
was reported to be 9.1%, which is comparable to 8.6% for dogs 
in Korea, 6 suggesting the development of sensitization to cats 
by indirect exposure. Thus, the purpose of this study was to in- 
vestigate the relationship between pet ownership (cat, dog, and 
rabbit) and sensitization to each animal in patients with various 
allergic diseases. We classified pet exposure into several catego- 
ries according to the modality of exposure in order to evaluate 
how direct or indirect exposure contributes to the development 
of sensitization to each pet in patients with various allergic dis- 
eases. 

MATERIALS AND METHODS 
Study subjects 

Patients who took allergy skin prick tests for evaluation of var- 
ious allergic diseases from July 2007 to August 2008 at Hallym 
University Kangdong Sacred Heart Hospital were enrolled in 
this study. Allergy skin prick tests were performed with 55 com- 
mon inhalant and food allergens including Dermatophagoides 
pteronyssinus, Dermatophagoides farinae, birch, ragweed, mug- 
wort, Alternaria, dog epithelium, cat epithelium, and rabbit ep- 
ithelium. A mean wheal diameter of 3 mm or greater was con- 
sidered a positive reaction. 

All patients provided informed consent. The Regional Institu- 
tional Board of Ethics of Hallym University Kangdong Sacred 
Heart Hospital approved this study. 

Questionnaire 

We focused on 3 animal allergens: cat, dog, and rabbit. The pa- 
tients completed the questionnaire about demographic charac- 
teristics, pet ownership, and modality of exposure to each ani- 
mal (Fig. 1). Briefly, the questionnaire about exposure modality 



Fig. 1. Questionnaire regarding pet ownership and exposure modality. The ques- 
tionnaire was modified from a previous report by Liccardi era/. 7 



was modified from a previous report by Liccardi et aV and in- 
cluded the followings: 1) I have been keeping a dog (cat, rabbit) 
at home for more than 6 months - present ownership, 2) I have 
kept a dog (cat, rabbit) at home in the past for more than one 
year - past ownership, 3) I have a job that deals with a dog (cat, 
rabbit) - occupational exposure, 4) I do not keep a dog at home, 
but I come in close contact with dogs (cats, rabbits) occasional- 
ly outside - occasional exposure, 5) I am in contact with a per- 
son who keeps a dog (cat, rabbit) at home - indirect exposure, or 
6) I have never been in contact with a dog (cat, rabbit) - no con- 
tact. Present ownership, past ownership, occupational expo- 
sure, and occasional exposure were regarded as direct expo- 
sure. 

Statistical analyses 

The prevalence was expressed as a percentage and continuous 
variables were expressed as the mean + standard deviation. Com- 
parisons of the modality of exposure to each animal in the sen- 
sitized patients were performed using chi-square tests. To eval- 
uate independent risk factors for sensitization to each animal 
allergen, multivariate analyses by binary logistic regression 
analyses were performed, controlling for age and sex as covari- 
ates, and were expressed as odds ratios with 95% confidence 
intervals (CI). A P value of less than 0.05 was regarded as statis- 
tically significant. All statistical analyses were performed using 
SPSS version 12.0 (SPSS Inc., Chicago, IL, USA). 

RESULTS 

Clinical characteristics of the study subjects 

In total, 401 patients were enrolled in this study. The mean 
age of the study subjects was 40.9 +15.6 years with a range of 16 
to 82, and 201 (50.1%) subjects were male. Of the subjects, 178 
(44.4%) had a family history of allergic diseases. The most com- 
mon clinical diagnosis of the patients was chronic cough (34.2%), 
followed by asthma (28.2%), allergic rhinitis (11.2%), urticaria 
(3.2%), and atopic dermatitis (2.5%). The prevalence of pet 
ownership in the past was 55.8% (dog: 52.9%, cat: 3.1%, rabbit: 
7.6%), and the prevalence of pet ownership at present was 
22.2% (dog: 83.1%, cat: 2.2%, rabbit: 0.2%). Sensitization rates to 
common inhalant allergens in the study subjects were 47.1% 
for Dermatophagoides pteronyssinus, 47.4% for Dermatopha- 
goides farinae, 5.7% for Alternaria, 20.4% for dog epithelium, 
15.0% for cat epithelium, 9.0% for rabbit epithelium, 10.7% for 
birch, 12.0% for ragweed, and 13.5% for mugwort (Fig. 2). 

Clinical characteristics of the patients sensitized to each pet 
allergen 

The clinical characteristics of the patients sensitized to each 
animal are shown in Table 1. The number of sensitized patients 
was 82 for dog, 60 for cat, and 36 for rabbit. There were no signif- 
icant differences in sex, age, or family history of allergic diseases 



Questionnaire for animal allergy 

Name: Sex: CM CF Age : year 

L following descriptions are about dog-exposure. Please check on the answer that best describes your 
situation. 

1) I have been keeping a dog at home for more than six months. 

2) I have ever kepi a dog at home in the past for more than one year. 

3) I have or have had job of dealing with a dog. 

4) I do not keep a dog at home, but 1 come in contact with a dog occasionally outside. 

5) I am in contact with a person who keep a dog at home. 

6) I have been never in contact with a dog. 

2. Following descriptions are about cat-exposure. Please check on the answer that best describes your 
situation. 

1 ) I have been keeping a cat at home for more than six months. 

2) I have ever kept a cat at home in the past for more than one year. 

3) I have or have had job of dcalingwith a cat. 

4) 1 do not keep a cat at home, but I conic in contact with a cat occasionally outside. 

5) I am in contact with a person who keep a cat at home. 

6) I have been never in contact with a cat. 

3. Following descriptions arc about rabbit-exposure. Please check on the answer that best describes your 
situation. 

1) I have been keeping a rabbit at home for more than six months. 

2) I have ever kept a rabbit at home in the past for more than one year. 

3) I have or have had job of dealing with a rabbit. 

4) I do not keep a rabbit at home, but I come tn contact with a rabbit occasionally outside. 

5) I am in contact with a person who keep a rabbit at home. 

6) I have been never in contact with a rabbit. 
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Fig. 2. The sensitization rate of common inhalant allergens in the study subjects. 
Dp, Dermatophagoides pteronyssinus; Df, Dermatophagoides farinae. 

among the 3 groups. The prevalence of pet ownership in the 
past was 53.7% of the dog-sensitized group, 60.6% for the cat- 
sensitized group, and 55.6% for the rabbit-sensitized group. The 
prevalence of pet ownership at present was 41.5% of the dog- 
sensitized patients, 35.0% of the cat-sensitized patients, and 
38.9% of the rabbit-sensitized patients. Dogs were the most 
popular pet raised in the past or at present, regardless of the 
sensitization to each animal. The most common clinical diag- 
nosis of each group was asthma, followed by chronic cough, al- 
lergic rhinitis, and atopic dermatitis. 

The sensitization rate to common inhalant allergens in each 
group showed a similar trend to the sensitization rate of all study 
subjects. House dust mites were the most commonly sensitized 
allergens (range: 77.8%-89.0%). Each group also showed rela- 
tively higher levels of co-sensitization to the other 2 animal al- 
lergens. Sensitization rates were 45.1% to cat and 23.2% to rab- 
bit in the dog-sensitized group; 61.7% to dog and 28.3% to rab- 
bit in the cat-sensitized group; 52.8% to dog and 47.2% to cat in 
the rabbit-sensitized group. 

Effects of pet ownership on the sensitization to each pet 
allergen 

There were significant differences in the modality of exposure 
to each sensitized animal among 3 groups (Table 2). The preva- 
lence of 'direct exposure' to each animal was significantly high- 
er in the dog-sensitized group (72.0%) than in the other animal- 
sensitized groups (18.4% for cat, 16.7% for rabbit). 'No expo- 
sure' to the sensitized animal was significantly higher in the cat- 
sensitized group (78.3%) and rabbit-sensitized group (83.3%) 
than in the dog-sensitized group (26.8%) {P< 0.0001). 

Risk factors for sensitization to each animal allergen 

When we analyzed independent risk factors for sensitization 
to each animal allergen, direct exposure to dogs (OR =1.5, P= 
0.029), as well as sensitization to Dermatophagoides pteronyssi- 
nus (OR=2.4, P=0.052), Dermatophagoides farinae (OR=5.1, 



Table 1. Clinical characteristics of subjects sensitized to each animal allergen 




Dog- 


Cat- 


Rabbit- 




sensitized 


sensitized 


sensitized 




(n=82) 


(n=60) 


(n=36) 


Sex(M) 


43(52.4%) 


27 (45.0%) 


16(44.4%) 


Age (yr) 


30.8+11.9 


31.7 + 10.7 


32.6+11.9 


Family history of allergic 


40(48.8%) 


35(58.3%) 


17(47.2%) 


disease 








Pet ownership in the past 


44(53.7%) 


36 (60.0%) 


20 (55.6%) 


Cat 


1 (1.2%) 


2 (3.3%) 


2 (5.6%) 


Dog 


19(23.2%) 


18(30.0%) 


11 (30.6%) 


Rabbit 


3 (3.7%) 


4(6.7%) 


2 (5.6%) 


>2 animal types 


15(18.3%) 


10(16.7%) 


5(13.9%) 


Others* 


6 (7.3%) 


2 (3.3%) 


0 


None 


38(46.3%) 


24 (40%) 


16(44.4%) 


Pet ownership at present 


34(41.5%) 


21 (35.0%) 


14(38.9%) 


Cat 


1 (1.2%) 


1 (1.7%) 


0 


Dog 


29 (35.4%) 


17(28.3%) 


10(27.8%) 


Rabbit 


0 


0 


1 (2.8%) 


>two animal types 


3 (3.7%) 


2 (3.3%) 


2 (5.6%) 


Others* 


1 (1.2%) 


1 (1.7%) 


1 (4.0%) 


None 


48(58.5%) 


39 (65.0%) 


22(61.1%) 


Clinical diagnosis 








Asthma 


QD //1Q no/ \ 

So (4d.a 7o ) 


ZD (4 1 ./7o) 


1 A IOO OO/ \ 

1 4 (jo.s /o) 


Chronic cough + 


19(23.2%) 


12(20.0%) 


8(22.2%) 


Allergic rhinitis 


12(14.6%) 


8(13.3%) 


7(19.4%) 


Urticaria 


0 


2 (3.3%) 


1 (2.8%) 


Atopic dermatitis 


2(2.4%) 


2 (3.3%) 


1 (2.8%) 


Allergic conjunctivitis 


2(2.4%) 


1 (1.7%) 


0 


Other 


11 (13.4%) 


10(16.7%) 


5(13.9%) 


*'0thers' includes hamster, chicken, cows, and birds. Chronic cough excludes 


asthma and allergic rhinitis as causative diseases of chronic cough. 


Table 2. Modality of exposure to each animal 








Dog(%) 


Cat(%) 


Rabbit (%) 


Direct* 


72.0 


18.4 


16.7 


Past and present ownership 


67.1 


13.4 


13.9 


Occupational 


0 


1.7 


0 


Occasional 


4.9 


3.3 


2.8 


Indirect 


1.2 


3.3 


0 


No exposure 


26.8 


78.3 


83.3 



*F<0.0001 using chi-square tests between direct and indirect, and between 
direct and no exposure. 



P=0.001) and cat epithelium (OR=4.4, P<0.0001) were found 
to be independent risk factors for sensitization to the dog aller- 
gen. However, direct exposure to cat or rabbit were not inde- 
pendent risk factors for the sensitization to cat or rabbit. Sensi- 
tization to dog epithelium (OR=4.4, P< 0.0001) and rabbit epi- 
thelium (OR=2.6, P=0.036) were independent risk factors for 
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Table 3. Independent risk factors for sensitization to each animal allergen 




Dog 


Cat 


Rabbit 




flR (QR°/ n m 




riR lofflL rn 

Un \cJj /o Ol/ 


Family history of allergic disease 


1.1 (0.597-2.154) 


0.6 (0.290-1.122) 


1.4 (0.638-3.223) 


Sensitization to D. pteronyssinus 


2.4(0.992-5.869)* 


1.3(0.462-3.470) 


2.1 (0.650-6.987) 


D. farinae 


5.1 (2.026-13.071)* 


1.7 (0.633-4.698) 


1.6 (0.487-4.993) 


Dog 


" 


4.4(2.056-9.362)* 


1.6 (0.597-4.088) 


Cat 


4.4(2.070-9.312)* 




2.4 (0.954-6.276) 


Rabbit 


1.9 (0.723-4.885) 


2.6(1.068-6.545)* 




Alternaria 


1 n /n ooo o rqp\ 
i .u (u.zyz-o.oyoj 


1 Q/fl CQQ C QA1\ 

1 .3 JU.joo-u.o4/ J 


f:n/i qpo 1 q pmi* 
o.U ( I .ooy- lo.oUoJ 


Birch 


0.7 (0.254-1.735) 


1.6(0.626-4.225) 


1.3 (0.411-3.925) 


Mugwort 


1.6(0.673-4.040) 


1.5(0.630-3.625) 


1.6(0.584-4.350) 


Ragweed 


1.1 (0.443-2.895) 


1.6(0.615-4.052) 


0.1 (0.193-1.885) 


Direct exposure to dog 


1.5(1.041-2.132)* 


1.1(0.762-1.626) 


1.2 (0.529-1.259) 


Direct exposure to cat 


1.3 (0.787-2.198) 


1.2(0.690-1.960) 


0.7 (0.811-2.530) 


Direct exposure to rabbit 


0.9(0.611-1.416) 


1.2(0.763-1.852) 


1.2 (0.954-6.276) 



indicates a Pvalue of 0.05 or less. OR, odds ratio; CI, confidence interval; Binary logistic regression analyses were performed controlling for age and sex as covari- 
ates. 



sensitization to cat, and the sensitization to Alternaria (OR= 6.0, 
P= 0.002) was an independent risk factor for sensitization to 
rabbit (Table 3). 

DISCUSSION 

We found that the prevalence of 'direct exposure' to dog was 
significantly higher in the dog-sensitized patients whereas 'no 
exposure' was significantly higher in the cat- or rabbit-sensitized 
patients. Direct dog exposure was one of the independent risk 
factors for sensitization to dog. 

Although there have not been many studies about the relation- 
ship between dog ownership and sensitization to dogs, dog 
ownership has consistently been suggested to be protective for 
sensitization to dog. 8 10 This is quite contrary to our results about 
dog ownership. Two previous reports investigated the effect of 
early- life dog exposure, such as in the first year of life, on sensiti- 
zation to dog in childhood or adolescence. 8,9 We also questioned 
the study subjects about pet ownership in the past. However, the 
question did not clarify the exact timing of pet ownership, but 
instead asked whether the subjects had owned certain types of 
pets as far as they could remember. This methodological differ- 
ence would cause different results. One report that studied the 
relationship between current dog ownership and sensitization 
to dog in adulthood could not show any significant relationship 
between them. 10 In addition, the study subjects in previous re- 
ports were from the general population, whereas our study pop- 
ulation was composed of patients with various allergic diseases. 
Underlying allergic tendencies might influence the sensitization 
to dog allergens in this study. Thus, our results suggest that dog 
ownership is positively associated with the sensitization to dog 
allergen in allergic patients. 



The association of cat ownership and development of sensiti- 
zation to cats remains controversial. Some studies have shown 
protective effects but others reported an increased risk. 9 12 A 
Danish group reported that current cat ownership was signifi- 
candy associated with sensitization to cats which was tested by 
measuring specific IgE to cats in an adult population, in which 
approximately 40% owned cats previously or currently compared 
to just 1% in our study. 10 This likely could influence the high 
prevalence of sensitization to cat. The prevalence of sensitiza- 
tion to cat is quite high in the Korean population even though 
cat ownership is very low, 5,6,13 15 which is seemingly attributable 
to the many stray cats and their high reproduction rate in cities. 16 
Therefore, cat allergens seem to be common in our environment. 
People are unavoidably exposed to cat allergens, which might 
lead to the development of sensitization to cat in non-cat own- 
ers. 

We also found that sensitizations to house dust mites and cat 
allergens were also independent risk factors for sensitization to 
dog allergens with higher odds ratios (OR: 2.4 for D. pteronyssi- 
nus, 5.2 for D. farinae, 4.4 for cat) than direct exposure (OR: 1.5). 
In addition, each sensitization to the other pet allergens or Al- 
ternaria was an independent risk factor for the sensitization to 
each animal (Table 3). Similarly, Linneberg et al. 10 demonstrat- 
ed that an atopic predisposition to allergens other than cat at 
baseline was an independent risk factor for the development of 
IgE sensitization to cat. Because house dust mites, Alternaria, 
and cat allergens are common inhalant allergens in our envi- 
ronment, this result implies that the individual atopic status of 
patients may play an important role for the sensitization to pets. 

Moreover, a significant percentage of the dog (or cat, rabbit- 
sensitized patients were co-sensitized to the other pet allergens 
in our study. It is plausible that these patients are sensitized to 
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dogs by direct dog ownership and are sensitized to cats or rab- 
bits by indirect exposure. However, cross-reactivity among ani- 
mal allergens may also play a role. Knowledge regarding cross- 
allergenecity among animal allergens is still limited. Serum al- 
bumin has been reported as a major cross-reactive allergen in cat 
and dog dander (Fel d 2 for cat and Can f 3 for dog). 17 Reininger et 
al. 18 demonstrated a Fel d 1-like allergen in dog dander allergen 
extracts, suggesting a cross-reactive molecule between dog and 
cat allergens. Recently, the dog lipocalin allergen Can f 2 was 
reported to have cross-allergenecity with cat allergen Fel d 4. 19 
Further studies are required to elucidate whether co-sensitiza- 
tion to several pet allergens in a patient is due to direct or indi- 
rect exposure to each pet allergen or because of cross-reactivity 
among animal allergens. 

In the current study, the sensitization rate to pet allergens was 
20.4% for dog, 15.5% for cat, and 9.0% for rabbit in patients with 
various allergic diseases. These results were higher than those 
in other studies that evaluated the sensitization rates for com- 
mon inhalant allergens in Korea. A recent multi-center study in 
Korea showed an 8.6% sensitization rate for dog and 9.1% for 
cat, 6 and another study in a large city in southern Korea showed 
a 5.8% sensitization rate for dog and 10.2% for cat. 13 Two studies 
from rural Korea reported relatively lower sensitization rates for 
dog and cat allergens, approximately 5% less than the results 
from the large cities. 1415 These differences may be explained by 
regional variations such as living environments or the prevalence 
of pet ownership in a local community. In one report from Cali- 
fornia, the cat sensitization rate was much higher (37%) than 
that in Korea, which might be due to the relatively low rate of 
cat ownership in Korea compared with western countries. 5,20 
There are limited data about the rabbit sensitization rate in Ko- 
rea because rabbit has not been considered a common animal 
allergen. Two previous studies reported 7.8% and 11.8% rates of 
rabbit sensitization, which were similar with our results. 1314 This 
relatively high sensitization to rabbit allergens cannot be ex- 
plained by direct ownership because rabbits are uncommon 
pets in Korea. However, rabbit has recently been reported to be 
an important pet allergen in the development of significant re- 
spiratory allergic diseases owing to household rabbit exposure. 21 
Additionally, rabbit ownership is increasing. 7,21 Therefore, it is 
necessary to pay attention to rabbit sensitization in allergic pa- 
tients. Further study will be needed to elucidate this relation- 
ship and determine the cross-allergenecity between rabbit and 
other animal allergens. 

Our study has several limitations. The first is a relatively small 
number of study subjects. The second is that the questionnaire 
did not ask about the timing of past pet ownership and the du- 
ration of current pet ownership. Without regard to exposure 
timing or the duration of pet ownership, we classified all current 
and past pet ownership into 'direct exposure.' Short current or 
very remote past exposure to pets might influence the sensiti- 
zation to animal allergens differently. Furthermore, assessment 



of pet exposure was based on individual recall, which might have 
potential bias. 22 The third limitation is that our study population 
included only patients with various allergic diseases. Patients 
with allergic diseases tend to avoid pets at home, and this could 
influence our results. 23 

In conclusion, our results suggest that direct exposure to dog 
allergens by dog ownership in the past and present contributes 
to sensitization to dog allergens in adult patients with allergic 
diseases. Sensitization to cat allergens can develop in non-cat 
owners without direct exposure, suggesting that cat allergens 
may be prevalent in our public environment. A prospective study 
with a larger cohort and more detailed evaluation of pet owner- 
ship will be needed to verify our findings. 
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